In a study on 93 hemodialysis patients (49 patients with low flux and 44 patients with high flux dialyzers), a significant difference of quality of life between the two groups was detected. High flux dialyzers can be a useful method to increase the quality of life in hemodialysis patients. 
Introduction
End-stage renal disease (ESRD) is a crucial and serious disease defined as a progressive and irreversible impairment of renal function associated with the weakening of body's ability to maintain the balance of fluids and electrolytes eventually leading to uremia (1) . The overall yearly incidence of the disease is reported to be 260 cases per million population with an annual increase of approximately 6% (2) , and its prevalence continues to rise (3) . In 2010, ESRD was recognized as one of the three causes of mortalities with a considerable increase from 1990 to 2010 (4) . It is estimated that the proportion of people with ESRD will increase nearly 60% by 2020 in comparison with 2005 (5) . In the United States, the mortality rate by ESRD is close to 85 000 individuals (6) . In Iran, the disease has a growing trend (7) , while according to the studies, approximately 1200 to 1600 of people are annually diagnosed (8) . Hence, it is very important to control and treat chronic kidney disease (CKD).
Patients with ESRD need to receive renal replacement therapy (RRT), including hemodialysis, peritoneal dialysis, or kidney transplantation (9) to survive. Each of these approaches has different effects on physical, psychological, and social health in these patients (10) . Due to the dramatic increase in the need for RRT in recent decades and the upward trend and owing to the shortage of kidneys for transplantation and complications of peritoneal dialysis (11, 12) , hemodialysis is the most common method of them (13) . In 2014, the population of hemodialysis patients is estimated to be 2.662 million (14) ; This means that 89% of dialysis patients depend on hemodialysis (13) .
During hemodialysis, blood leaves the body and its chemical composition is modified by the mechanisms of diffusion and ultrafiltration via passing through semi-permeable membranes to remove substances, and then returns to the body (15) . Some types of dialyzers are available to be used by hemodialysis patients. The types of dialyzers are determined according to the patient's condition, desired results, and RRT. According to a classification by the national hemodialysis institute, dialyzers are divided into two categories of high flux and low flux dialyzers (16) . One of the important aspects of hemodialysis treatment optimization is the development of dialysis membranes that remove a higher amount of larger molecules (17) .
High flux dialyzer is made of cellulose membranes with a higher permeability compared to low flux dialyzers. The clearance of toxins with medium and high molecular weights, such as β2-microglobulin, and phosphorus that accumulate during CKD, is higher in high flux dialyzers than in low flux (17, 18) . According to the hydrophobic properties, high flux dialyzers absorb toxins associated with uremia and reduce cytokines and complement activators, thus, diminish inflammatory responses. It may also retard the long-term complications of hemodialysis (16) . Due to inadequacy of low flux dialyzers in complete removal of uremic toxins, 90% of patients who are on dialysis show side effects on different body systems after a few years (18) .
Special symptoms of high flux dialyzers include a considerable reduction in dialysis-related amyloidosis (18) , reducing the risk of cardiovascular disease by removing homocysteine, declining the incidence of cerebrovascular disease (19) , and improving the control of anemia (17) . Some studies suggested that high flux dialyzers improve anemia associated with renal dysfunction and a reduce the need to inject human erythropoietin (EPO) compared to low flux dialyzers, which is probably due to the ability to repel particles with average molecular weights (20) . The important role of dialyzer types to control of electrolytes such as hyperphosphatemia and its complications (17) , and potassium removal during dialysis (21) can significantly affect the process of hemodialysis and its performance. Improvements in anemia and nutritional status enhance the quality of life and increase survival of patients. Therefore, strategies to control these issues, such as maintaining a suitable blood pressure, remaining kidney function, and ensuring the adequacy of dialysis can promote the quality of life in hemodialysis (22) .
Various studies have specifically focused on the question whether the use of high flux dialyzers, compared with low flux dialyzers, might have measurable effects on survival of hemodialysis patients? Recent advantages in the use of high flux dialyzers have provided an opportunity for better clinical outcomes in these patients (23) (24) (25) .
Despite progression in the treatment of ESRD patients, however, their quality of life is still an important issue (22) . In fact, long-term complications of hemodialysis are one of the important factors affecting the quality of life in hemodialysis patients (18, 26) . Quality of life is a pertinent concept in nursing practice and nurses are always trying to improve it.
Since chronic illness affects the whole life aspects of patients, physical, psychic and social conditions, nurses should obtain comprehensive information about the patients' quality of life (27) . It has been demonstrated that the quality of life in hemodialysis patients is lower than normal peoples (28, 29) , while patients have to cope with many disease symptoms such as physical problems, diet limitations, and changes in body image (10) . The life expectancy will increase in hemodialysis patients owing to the removal of metabolism end products and excess water from the body. Strategies to control these issues, maintaining blood pressure, remaining kidney function, and ensuring the adequacy of dialysis can promote the quality of life (22) . Evaluation of health-related quality of life can be effective on the examination of interventions' efficacy and increased involvement of patients in their care process (30) .
One of the tasks of dialysis nurses is to be familiar with the dialysis process of patients and the implementation of interventions and protocols for enhancing the efficiency of dialysis to reduce complications, knowledge about the types of dialyzers and their advantages and also disadvantages. Additionally, the relation between dialyzer type and the incidence and severity of its side effects can help nurses to achieve their goals.
Objectives
This study aimed to compare the effects of high flux and low flux dialyzers on the quality of life in hemodialysis patients.
Patients and Methods

Study population and research design
This study was a clinical trial with participation of 93 hemodialysis patients referred to Shaheed Beheshti hospital, in Hamadan (2014). After obtaining informed consents, the sample was selected and randomly assigned to high flux or low flux groups. The inclusion criteria of the study were ages over 18 years, fistula or graft for hemodialysis, a minimum of three months of hemodialysis, at least three to four hours dialysis sessions per week, and lack of acute cardiac or pulmonary disease. The exclusion criteria included withdrawal of a patient to participate in the study, incidence of severe cardiovascular disorders, severe pulmonary disease, received blood transfusion during the study, recorded and known cases of moderate or severe depressions, loss of consciousness, irritability, agitation of the patient, discontinued dialysis for any reason, kidney transplant, acute infection, death of relatives, and the loss of jobs.
The sample size was 50 patients for each group, which calculated according to the study by Rahimi et al with a confidence interval of 95% and a test power of 80% and using the following formula;
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Data collection tool was a questionnaire with two parts. The first part was about to patients' demographic variables (age, gender, marital status, education, history of hemodialysis, vascular access, residence, and employment status). The second part was the "kidney disease quality of life-short form in hemodialysis patients" (KDQOL-SF). The questionnaire was translated into Persian by Pakpour et al (31) . The questionnaire consisted of both general and specific dimensions. The specific dimension comprised 11 areas of health-related physical performance symptoms and problems (12 items), disease-associated limitations effects of kidney disease (8 items), imposed conditions, burden of kidney disease (4 items), employment work status (2 items), cognitive function (3 items), quality of social interactions (3 items), sexual functioning (2 items), sleep (4 items), social support (2 items), dialysis staff encouragement by dialysis personnel (2 items), and care satisfaction patients satisfaction rating (1 item). The general part of the questionnaire was about general health (SF-36) including eight domains of physical functioning (10 items), role physical (4 items), bodily physical pains (2 items), general health (6 items), vitality energy/fatigue (4 items), social function status (2 items), mental health (5 items) and role emotional (3 items) (32) .
The domains were calculated independently according to the instructions on the analysis of questionnaire, and also average scores of the questions related to each area of life quality. Scores were from zero (worst) to 100 (best) quality of life. The reliability and validity of the questionnaire were assessed in Iran by Mortazavi et al (33) .
In all phases, the devices were set for all patients so that the blood flow pump was regulated as 237 ± 13 mL/min, dialysis solution flux was 500 mL/min and bicarbonate solution was used at 37°C, while blood flow was constant during the study. First, the purpose of study was explained followed by obtaining informed consents. Before the intervention, both the control and experimental groups filled the demographic and quality of life questionnaires. Afterwards, the experimental groups were undergone dialysis three times per week with high flux dialyzers (FR50, made by the Soha Co., Iran) and the control group was on a routine dialysis using low flux dialyzers (FR5, made by Soha Co., Iran) both for 6 weeks.
Ethical issues
The research followed the tenets of the Declaration of Helsinki. Informed consents were obtained from all patients. This study was conducted as the master degree dissertation in nursing which approved by ethics committee of research of Hamadan University of medical sciences (ethical code# P.16.35.9.6168) and registered at the Iranian Registry of Clinical Trials (identifier: IRCT201506099014N68; http://www.irct.ir/trial/9507).
Statistical analysis
The collected data were analyzed by SPSS 16 software and using descriptive (mean, standard deviation, absolute and relative frequency distribution), and inferential statistics (paired t test and Wilcoxon test). Additionally, P values of less than 0.05 were considered statistically significant.
Results
Data showed that most of the participants in both groups were male (56.8%), have more than 60 years old (40.9%) and married (84.1%). Most of them were illiterate in both low flux (34.7%) and high flux (38.6%) groups. The two groups were similar in terms of gender, age, marital status, and education (Table 1) .
The effects of high flux dialyzer on the quality of life dimensions showed significant differences before and after the intervention in general health (P < 0.001), mental health (P < 0.001), symptoms and problems (P < 0.05), effects of kidney disease (P < 0.001), social support (P < 0.05) and physical functioning (P < 0.001). No significant differences were observed between before and after intervention in the scores of cognitive function and quality of social interactions, bodily pains, emotional role, physical role, work status, sexual function, and sleep (P > 0.05). However, the social function (P < 0.05) and patients satisfaction score were higher before the intervention in comparison with after intervention (P < 0.001) ( Tables 2 and 3) .
Data analysis revealed no significant differences in the scores of the low flux dialyzer patients before and after the intervention of physical, mental health, body aches, emotional role, physical role, symptoms and problems, effects of kidney disease, job status, sexual function, sleep, social support, cognitive function, and quality of social interactions (P > 0.05). Significant differences occurred between before and after intervention in the scores of patients' satisfaction (P < 0.001) ( Tables 4 and 5 ).
The overall mean quality of life in low flux and high flux groups before the intervention disclosed no significant differences between the two groups. Yet, it was observed that the overall mean score for the quality of life in the high flux group was significantly higher than the low flux group after the intervention (P < 0.001) ( Table 6 ).
Discussion
Some studies have shown that the quality of life is one of the most consistent and powerful predictors of mortality and hospitalization in hemodialysis patients (34) . The results of this study showed a significantly higher quality of life in patients with high flux dialyzers than those treated with low flux dialyzers. In this regard, Kantartzi et al compared the quality of life in hemodialysis patients with low flux and high flux dialyzers and showed that the quality of life in dialysis patients was significantly higher with high flux dialyzers compared to when they applied low flux dialyzers (35) . On the other hand, a 3-year follow up study by Unruh et al demonstrated no significant differences in the quality of life of patients treated with high flux and low flux dialyzers (36) . Additionally the results of the study by Kavyannejad et al showed no significant differences in the incidence and severity of complications (variations of blood pressure, nausea, vomiting, itching, headache, and fever and chills) of patients during hemodialysis with lowor high-flux dialyzers (37) .
This discrepancy could possibly be due to a longer follow-up of their study, during which a number of intervening factors, including many occupational, economic, and family conditions which could influence the domains of life quality. Boudville et al appraised the impacts of two high flux dialyzers (FX60 and high flux 80) on inflammatory markers and quality of life scores in hemodialysis patients for three months. Results showed that the two dialyzers did not act differently on inflammatory factors, except that FX60 dialyzer raised the scores in social interaction and physical function, but in general could not change the quality of life for the patients (38) . Both studies indicate that the type of dialyzers can affect the quality of life domains. Santoro et al evaluated the effects of high flux and low flux dialyzers on the mortality rates of patients with ESRD in Italy. After following up a total of 64 patients for 3 years, they found the mortality rates in patients with high flux dialyzers were significantly different from those with low flux dialyzers (39) . As already mentioned, a direct correlation between the quality of life and mortality rates in such patients was seen (36). Oshvandi et al suggested the routine use of high flux dialyzers while it is accompanied by better dialysis adequacy than to low flux dialyzers (40) . Accordingly, it can be concluded that the use of high flux dialyzers can also enhance patient's quality of life.
In the group who administered high flux dialyzers, the mean scores in the areas of general health, physical and mental health, physical functioning, symptoms and problems, effects of kidney disease and social support were greater after the intervention than pre-intervention levels. Thus, high flux dialyzers increased the scores in the above areas , as a result, it improved the quality of life score. Song et al showed that resistance exercise for 12 weeks could raise the quality of life scores in physical and mental health of hemodialysis patients (41) , which is same as the results of this study about the effects of high flux dialyzers on this both areas. Ward et al compared hemodialysis with high flux hemofiltration and high flux dialyzers using a quality of life questionnaire and concluded that the two dialyzers revealed no differences in the quality of life for dialysis patients, but the physical field significantly improved using both dialyzers (42) . Likewise, Abraham et al (28) measured the impact of consultation on the quality of life in 50 hemodialysis patients using the questionnaire World Health Organization Quality of Life (WHOQOL). The experimental group received a consultation for 3 months and by training about diet, exercise, lifestyle changes, and the importance of timely follow-up in receiving dialysis. The results showed rises in the scores on the emotional The results showed that the intervention improved the quality of life for hemodialysis patients in the areas of physical role, general health, physical functioning, and mental status confirming our results on the impact of high flux dialyzers upon the quality of life dimensions (45) . The current study demonstrated that the area of care satisfaction scored a significantly higher pre-intervention average than that detected after the intervention in both high flux and low flux groups. In fact, the dialyzers used resulted in a lower care satisfaction, which could have arisen from the fact that dialyzers sometimes cause hemodynamic instability, hence, patients may not satisfied with their dialysis procedure owing to the instability.
There were no significant differences in the scores of other areas before and after the intervention in the group with low flux dialyzers. This finding implies that low flux dialyzers had no impacts on the patients' quality of life. As Unruh et al reported, the scores of patients' quality of life in low flux group revealed no statistical changes after 3 years (36), which endorses our results concerning the impact of low flux dialyzers on the patient's quality of life. Similar to this study, Unruh et al also applied the questionnaire KDQOL-SF. Because patient advocacy is one of the main nurses' roles (46) , to perform this, they need to be informed about proper treatment which can cause a significant improvement in caring of patients (47) , reduce patients' problems and anxiety (48) and increase their quality of life.
Conclusion
The use of high flux dialyzers can be a useful way to increase the quality of life of hemodialysis patients, improve clinical practice, make positive changes in the treatment, and provide hemodynamic stability in these patients. While various studies have shown that boosted quality of life is associated with reduced mortality and morbidity in hemodialysis patients and also considering the results of this study, we can administer high flux dialyzers for dialysis patients to achieve these goals.
Limitations of the study
Possible limitations of the research are the intolerance of high flux dialyzers by some patients, which was controlled through precise monitoring of the patients' vital symptoms during dialysis and, if necessary, the use of normal saline solution with doctors' discretions, and/or excluding the patient from the study.
